[Abstract] We propose a modified RNA-Seq method for small subunit ribosomal RNA (SSU rRNA)-based microbial community analysis that depends on the direct ligation of a 5' adaptor to RNA before reverse-transcription. The method requires only a low-input quantity of RNA (10-100 ng) and does not require a DNA removal step. Using this method, we could obtain more 16S rRNA sequences of the same regions (variable regions V1-V2) without the interference of DNA in order to analyze OTU (operational taxonomic unit)-based microbial communities and diversity. The generated SSU rRNA sequences are also suitable for the coverage evaluation for bacterial universal primer 8F (Escherichia coli position 8 to 27), which is commonly used for bacterial 16S rRNA gene amplification. The modified RNA-Seq method will be useful to determine potentially active microbial community structures and diversity for various environmental samples, and will also be useful for identifying novel microbial taxa.
.
A. Nucleic acid extraction 1. Extract total RNA or total nucleic acids from low-biomass samples, which are unsuitable for DNase I digestion, using a mirVANA TM miRNA Isolation Kit. Five or more swabs are preferred to be pooled for nucleic acid extraction, while a whole piece of filter membrane is preferred to be cut into small pieces (~0.5 mm 2 ) for extraction. To completely disrupt microbial cell walls, vortex such preprocessed samples with 0.7 g glass beads and 0.7 ml Lysis/Binding Buffer in a 2 ml bead beating tube at maximum speed prior to extraction. After centrifugation at 13,000 x g for 5 min at 4 °C, transfer the supernatant to a new 1.5 ml tube and extract total RNA strictly following the manufacturer's instructions.
2. Visualize the RNA samples in a 1% (w/v) agarose gel after electrophoresis to assess the RNA integrity ( Figure 1 ). Store total RNA or total nucleic acids at -80 °C. Quantify total RNA using a 
Purification of ligation product
Transfer 40 μl ligation product to a new 1.5 ml tube, and purify the product using a Gnome Size Selector, strictly following the manufacturer's instructions. A total volume of 10-μl purified product is obtained for the next step. Hold at 4 °C.
cDNA purification
Purification is performed using a Gnome Size Selector strictly according to the manufacturer's instructions. 20 μl purified cDNA is obtained for the next step.
Note: Warm Gnome Size Selector to room temperature, and completely resuspend the Size
Selector before use. Accurately use the volume that is recommended.
PCR amplification
The complete reagent mixture contains:
Purified 
Purification of PCR product
Size select the 400-600 base pair (bp) PCR product using a Gnome Size Selector strictly according to the manufacturer's instructions.
Note: Warm Gnome Size Selector to room temperature, and completely resuspend the Size Selector before use. Accurately use the volume that is recommended. Other size ranges of PCR product can also be obtained using Gnome Size Selector according to the manufacturer's instructions.
C. High-throughput sequencing Quantify barcoded PCR product from different samples using a Qubit TM dsDNA HS Assay Kit on Qubit 2.0 fluorometer. Mix together PCR product from different samples with equal quantity (at least 10 ng for each sample) and sequence on an Illumina MiSeq platform using the 2 x 300 paired end protocol. For each sample, paired-end reads formatted as two FASTQ files will be obtained.
Data analysis
1. Pre-process paired-end reads with Sickle software v1.33 using the command pe to trim and filter reads with a Phred quality score below 20.
2.
De novo merge paired-end reads using the command join_paired_end.py with default parameters in QIIME v1.8.0.
3. Transform FASTQ files into fasta format using the command fastq.info in mothur v1.33.3.
4. Remove merged sequences containing ambiguous nucleotides and homopolymer lengths longer than eight nucleotides using the command screen.seqs in mothur v1.33.3.
5. Remove merged sequences shorter than 250 bp using the command screen.seqs in mothur v1.33.3.
6. Classify the reads against the SILVA SSU v119 database in MIPE ) with a bootstrap cut-off of 80% and remove SSU rRNA reads identified as chloroplast, mitochondria or human. Mismatches of the primer 8F (5'-AGAGTTTGAT (C/T) (A/C) TGGCTCAG-3') (Mao et al., 2012) in all the bacterial 16S rRNA sequences are also identified with this software (Table   1) . 2. For different samples, the optimum cycles used in the PCR amplification step can be determined using a 10-μl preliminary reaction system.
